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PERMISSION TQ QUOTE 


This is a final report. To prevent the issuing of misleading information, 
persons wishing to quote from this report, to cite it in bibliographies 
or to use it in other forms should first obtain permission from the 


project leader under whose direction the work was performed, or from 
the research superintendent. 
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Study No. XXIII: Mast Yields in Missouri 


Job No. 2: Evaluation of mast survey 


ABSTRACT 


Foresters of the Missouri Department of Conservation rated acorn yields 

of 54 oaks on a 4-point system. Comparisons were made to a 9-point rating 
system calibrated to actual yields. The 4-point system for rating acorn 
yields was satisfactory but accuracy might be improved with use of permanent 
Sites. 


A postal card mast survey of foresters is a less intensive alternative to 
tne mast survey appraisal of trees and sufficient for detecting the extremes 
in yields. 


Annual evaluations of acorn yields even when limited to the Ozark and Break 
Regions of the state, likely would be adequate for correlating mast-consuming 
wildlife responses to sizes of acorn food crops. 


Mast evaluations by year and major regions are shown for the period 1949-1980. 


Acorn yields are evaluated for the period of 1960-1980 according to revised 
regions. 
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FINAL REPORT 
SURVEYS AND INVESTIGATIONS PROJECTS 


STATE OF MISSOURI 

Project No. W-13-R-34 (1980) Study No. XXIII Job No. 2 
Study No. XXIII: Mast Yields in Missouri 

Job No. 2: Evaluation of mast survey 

Objective: 


Analyze the mast survey data obtained by ocular appraisals and compare 
with direct sampling of yields for improvement of the system. 


Procedures: 


An ocular appraisal of 1979 acorn yields was made on 9 oaks on the 

Rudolf Bennitt Wildlife Area (Boone County) by 9 Missouri Department 

of Conservation foresters in early September; on 18 oaks on the Indian 
Trail State Forest (Dent County) by 2 Missouri Department of Conservation 
foresters; and on 27 oaks on the Carman Springs Wildlife Refuge (Howell 
County) by 6 Missouri Department of Conservation foresters in late August. 
Later personnel of the University of Missouri (Columbia) Entomology 
Department measured the yields of acorns/m@ of crown area for each of 

the oaks appraised (Myers, 1978). The foresters appraisals on which 

the mast survey index is calculated was compared with the acorn production 
rating index of Myers. 


A postal card survey of mast crops was conducted simultaneously with the 
established and more intensive ocular mast survey in 1980 (Christisen, 
1980) to compare results. Foresters checked off yields according to 
four categories of abundance for mast groups for each county. The data 
were grouped by counties in the same regions as those used for the mast 
survey of individual trees. Likewise, the opinions were treated in the 
Same manner as the tree data culminating in an index. 


An arbitrary value was assigned each yield category: heavy, 3; medium, 2; 
light, 1; and none to few, 0; the sum of the products represented the 
production index. A maximum index of 300 points was possible. Expressed 
as a formula: 


(H= TX 3) + (M2TX 2) + (L = TX 1) =I where 


Total postcards (counties) citing heavy yields 
Total postcards (counties) citing medium yields 
Total postcards (counties) citing light yields 
Total postcards (counties) 

Index 


me —{ ff = 
Tut uh a 
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Procedures (cont'd): 


A regional state map was developed by regrouping the counties into 

more meaningful units for evaluating mast production, squirrel and 
turkey harvest data (Fig. 1). The new map is based on zoogeographic, 
topographic, soils, and vegetative features. Acorn data for the period 
1960 through 1980 were recalculated to conform to the new regions 
(Appendix). 


Tabular summaries of the mast evaluations by year and major regions 
used originally were compiled for the entire period of the surveys 
1949 through 1980 (Appendix). 


Findings and Analysis: 


The Foresters of the Missouri Department of Conservation rated acorn 
yields for 54 oaks representing 3 different locations (Figure 2). 
The actual yield of acorns was calculated per m* of crown area and 
categorized according to the Myer's 9-point acorn production rating 
index (Table 1), and the 4-point rating system of the Missouri 
Department of Conservation compared with it by personnel of the 
Entomology Department, University of Missouri - Columbia. 


The Bennitt Area oaks exhibited a wide range of yields (Table 2) but 
the Carman Springs and Indian Trail areas produced few acorns (Tables 
3 and 4) and only two foresters rated oaks on the latter area. Dr. 
William H. Kearby, Professor of Forest Entomology was pleased with 
the foresters interest and ability in rating yields. Most foresters 
were conservative in their ratings. Kearby pointed out that the 
4-point evaluation system was very close to the Myers 9-point system. 
The major bias in the 4-point system as evaluated by Kearby was the 
lack of permanent sample areas. 


Consideration should be given to limiting the annual mast survey to 
acorns alone and to those counties with 20% or greater of the land area 
in commercial timber. Mast is less important to wildlife in counties 
outside of the major forest areas. Acorns are a universal food to 
forest wildlife. Hickory nuts, and to some extent walnuts, are 
important to squirrels and tend to relieve the feeding pressure on 
acorns. If hickories are to be included in future surveys, they 

should be evaluated in August before squirrels can remove the crop. 
Information on the black walnut crop can be obtained from Hammons 
Products of Stockton. Hammon's samples the walnut crop statewide. 
Pecans are as important as hickories but have very limited distribution. 


The postal card mast survey (Figure 3) brought 105 county evaluations 
from foresters on a 4-point check systen of heavy, medium, light and 

few or none yield categories. There was relative close agreement of 
indices in some mast groups of the opinion (card) survey and the ocular 
(tree) survey (Table 5). In the event cost of conducting the annual mast 
Survey becomes a factor, it might be feasible to use a postcard survey 
alone to at least know when big yields occur or near failures happen. 
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Findings and Analysis (cont'd): 


The mast survey began in 1949, a natural succession to a Pittman- 
Robertson Federal Aid program acorn study that had begun in 1947 

and ended in 1954 (Burns et al., 1954; Christisen, 1951; Christisen, 
1955). The early years of the annual mast survey were experimental 
in nature, dependent on varied sources of information. Since the 
Survey relied on volunteer help, it was limited to oaks, hickories, 
pecans, walnuts, and butternuts all of which could be appraised in 
the same time span. Also, the nut trees, because of their wide spread 
distribution (Christisen, 1978) and importance to game animals as 
producers of fall and winter foods were chosen for the survey 
(Christisen, 1965; Christisen, 1969; Christisen, 1979; Christisen 
and Korschgen, 1955). Indiana (Allen, 1952) had begun a mast survey 
earlier which was supportive of their squirrel research program. A 
Squirrel research program had begun in Missouri in 1947; the annual 
mast survey was viewed as a valuable adjunct to this program. 


The survey form and method have remained virtually unchanged over the 
32 years. Each species of nut tree and 4 categories of yield are shown 
on the form along with certain guidelines for appraising the yield 
(Figure 6). This form was used by foresters and biologists of the 
Missouri Department of Conservation who evaluated yields of at least 

90 nut producing trees in each county assigned. Eligible trees were 
those having a d.b.h. of at least 8 inches with dominant or co-dominant 
Crowns. 


District and farm foresters formed the core of the survey crew in the 
early years and as the staff grew in size, the foresters eventually 
conducted the entire survey of the state. Postal card poll of U.S. 
Forest Service Rangers, Missouri Department of Conservation towermen, 
area, and refuge managers as to nut yields (Figure 4) was used to 
Supplement the more comprehensive foresters survey. Coverage in the 
earlier years was confined mostly to the Ozark region where the personnel 
and state areas were located. 


Squirrel hunter cooperators rated hazlenuts, hedgeball, persimmon, 
mulberry, and wild grape yields in addition to nut yields beginning 
in 1950 but the highly variable results of the poll brought discon- 
tinuance after 1958 (Figure 5). The U.S. Forest Service rangers and 
M.D.C. personnel participated in the postcard poll from the beginning 
through 1953 but lack of uniformity and agreement with the forester's 
Survey ended this phase of the survey. 


An earlier forecast of nut yields seemed practical by conducting a 
mid-summer survey since nuts were large enough to be seen with the 

aid of binoculars by then. M.D.C. wildlife research biologists began 
making mid-summer mast surveys in 1953 in conjunction with a furbearer 
Sign count. The scope of this survey included all the major zoogeographic 
regions in the state representing 40-50 counties and about 7,000 trees. 


The objective of the survey was to gain crop information some two 
months in advance of the fall mast drop. After three years of trial, 
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Findings and Analysis (cont'd): 


it appeared there was no particular advantage in this mid-summer 
Survey; in some instances it did not reflect an accurate evaluation 
of the fall crop because of premature nut drop. Also, the economy 
in conducting it was lost when the furbearer sign counts were 
discontinued. 


Thereafter, beginning in 1956, the biologists conducted mast surveys 
in the fall to supplement the foresters data and sample counties 
outside of the forestry districts. The staff of farm and district 
foresters was large enough by 1964 to sample most of the regions in 
the state without additional help. 


Translating the annual mast survey data into some set of numerical 
standards for comparative purposes necessitated the development of 

an indices system as set forth in procedures. Attempts were made to 
describe the yields by identifying each range of indices within the 
system with an adjective. This attempt at a word description of the 
size of crop was never satisfactory, particularly with differences in 
the range of indices among the nut groups and in the absence of the 
indices system being calibrated directly to actual nut yields. 


Seldom did any one nut group score 200 or more on a scale of 300 points; 
nor only on rare occasions did a nut group have an index below 50. 
Therefore, for purposes of this report it seemed best to let yields 
Stand on the index figure alone, subject to the reader's interpretation, 
with the observance, the higher the index the better the yield. 


There was bias in evaluating yields among nut groups beyond the bias of 
judgment appraisals. The survey was conducted usually within the period 
of August 15 - September 30. This long time span in itself allowed for 
bias in the timing of the survey by the observer. Premature nut drop, 
maturation time, amount of foliage, open grown trees, size of trees, 
elevation, exposure, etc. were a few of the many variables which affected 
yields of trees selected by the observer. Also, the size of the nut was 
a factor in appraisals which led to bias, particularly among nut groups 
such as black walnut vs. shingle oak acorns. Hickory nuts, a preferred 
squirrel food, often times were consumed before the survey pericd ended. 


Ocular evaluations of nut yields were biased but when the survey was 
conducted by experienced foresters, the "highs" and "lows" in mast 
production were detected but the degree of yields in the great middle 
area of "medium" were ill defined. 


The basic area unit of the survey was the county but because of the 
small sample and great variability in yields locally, the smallest 

unit considered in the survey was zoogeographic region. Even at that 
level, the information was not practical for wildlife management. 
Therefore the 8 zoogeographic regions were grouped into 2 major regions, 
prairie and forest (Figure 7). This classification grouped counties 
Simply by the presence or absence of forest cover, with the exception of 
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Findings and Analysis (cont'd): 


the Mississippi Lowland counties included with forest on the basis of 
geographic location. 


Later, as forest inventory and certain wildlife biological data became 
available, it was evident that the counties might be re-aligned into 
more meaningful regional units. The basis of the revision was the 
zoogeogrpahic region but with modifications based on the amount of 
commercial timber, vegetation, glaciation, topography and soil types. 
Commercial timber is the core of the forest land which produces most 
of the mast and constitutes the prime squirrel habitat and much of the 
better wild turkey habitat. Counties having 20% or more of its land 
area in commercial forests (Spencer and Essex, 1976) was included in 
the forest region, those with less in the prairie region, excluding 
the Mississippi Lowland as a separate entity. 


This realignment on the basis of commerical timber brought 2 western 
counties into the forest region but excluded 3 counties from the 
Western Ozark border and the Forest region. It also added 8 counties 
north of the Missouri River, originally a part of the Northeast 
Riverbreaks (prairie) to the Forest region. Likewise 1 county from 
the Mississippi Lowlands was added to the forest region because of 
topography and amount of commercial timber. 


The major regions were further sub-divided with respect to soils, 
vegetation, forest cover and climate. The prairie was sub-divided 
into 2 units, northern prairie (glaciated) and western prairie 
(non-glaciated). The Forest region was sub-divided into the Breaks 
(hilly, loess, silt loam soils) and the Ozarks (non-glaciated, cherty 
limestone to stony). 


The Breaks have particularly fertile timber sites and on the basis of 
soil types and location constitute 2 mini-divisions, Lindley Breaks 
north of the Missouri River and Union Breaks on the south. 


Essentially the Ozarks include the Ozark Plateau and Western Ozark 
Border of the Zoogeographic Region with mini-divisions Ozark Border, 
Ozark West and Ozark East. Geographic, geological and vegetative 
differences were basis for the mini-divisions. Two counties, originally 
in the Northern and Eastern Ozark Border were included with Ozark West 
and | county from the Western Ozark Border was included with Union Breaks. 
As indicated earlier 2 counties were added to Ozark Border from Western 
Prairie but 3 counties were lost to Western Prairie. Except for the 
loss of 1 county to Ozarks East, the Mississippi Lowland region remained 
unchanged but as a separate entity (Figure 8). 


The yield indices by species group are shown for 2 original regions by 
years as well as for the mast composite of oaks, hickories, walnuts 
and pecans. Also, the black oak and white oak groups of acorn indices 
are shown according to the more recent revisions of the Breaks and 

the Ozarks regions by year (Appendix). 
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Recommendations: 


The annual mast survey has furnished a rough estimate of the size of 
the nut crop in Missouri for 30 years. A refinement in the system 
by selecting permanent sample sites likely would improve accuracy 
and is recommended if the survey is to be continued. Other consid- 
erations were enumerated in paragraph 3 of the preceding section. 


It is suggested that the direct sampling technique developed by Myers 
be used to calibrate ocular appraisals on the 4-point acorn yield 
rating system. 
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TABLE 1 


ACORN PRODUCTION RATING INDEX 


Rating Acorn Abundance 
1 Few to none. 
Z Poor: sparsely scattered acorns. 
3 P+ or F- 
4 Fair: evenly distributed single acorns and 


small clusters. 
5 F+ or G- 


6 Good: evenly distributed acorns with numerous 
small and medium sized clusters. 


7 G+ or H- 
8 Heavy: numerous medium and large sized 


clusters throughout the crown. 


9 Bumper: very high acorn density over a large 
percentage of the crown, 


STA 


TABLE 2 


Rudolf Bennitt Wildlife Area 
Mast Inventory 9/5/79 


The Missouri DNR foresters inventoried only Plot B, since Plots A and 
C had only "few to none" based on the rating system. Only 9 trees were 
rated. | 


Plot B 
/ Foresters’ Ratings 
Tree No. Species— Few to None Light Medium Heavy 

3 NRO 9 

4 WO le 4 

5 WO 7 2 

7 NRO 9 

8 NRO 9 

9 BO | / i. 
10 WO 9 
12 BO na i 7 

Bj BO 1 6 Z 


af NRO — Northern Red Oak, WO - White Oak, and BO —- Black Oak. 


Myers. rating for the following trees: 3, 5, 7, 8, 10 (few to none), 
4 (ligne), 9, 12, 1.5 Gnédium). 


| 5 
TABLE 3 


Carman Springs 
Mast Inventory 8/28/79 


The Missouri DNR foresters inventoried Plots A, B, and C. Im each plot 
9 trees were rated. 


Plot A 
ai Foresters’ Ratings 
Tree No. Species— Few to None Light Medium Heavy 

I BO 3 3 
3 BO 5 2 
9 BO 3 3 
18 PO > 1 
26 BO 2 3 ii 
aie BO 2 4 
45 BO £ 4 2 
48 WO 6 
56 BO 2 3 i 


al BO — Black Oak, PO - Post Oak, and WO - White Oak. 


Myers tating for the Following trees: 1, 3, 9, 26, 33 ata 45 Ciaieht)., 
18 and 48 (few to none), and 56 (medium). 





Plot B 
ai Foresters’ Ratings 
Tree No. species— Few to None Light Medium Heavy 

/ SO 6 

ho BO 5 1 

LS WO 4 Z 

22 SO 6 

26 SO 4 2 

30 WO 6 
32 SO 6 
38 BO 5 us 

47 BO 5 1 


a} BO — Black Oak, SO - Scarlet Oak, and WO —- White Oak. 


Myérs ratine for the following trees: 7, 13, 15, 22, 30, 32 and 38 (few 
to none) and 26 and 47 (light). 


~1G- 
Table 3 (cont'd) 


Carman Springs 


Pict G 
ai Foresters’ Ratings 
Tree No. Species— Few to None Light Medium Heavy 
2 SO x 1 Z 2 
5 SO 3 1 2 
7 SO 3 3 
15 BO 6 
14 SO - 3 2 
18 WO 6 
Zi SO 3 2 
28 wo 6 
30 SO- 3 A. 2 





al BO —- Black Oak, SO - Scarlet Oak, and WO -— White Oak. 


Myers rating for the following trees: 2 (heavy), 5,14, and 30 (medium), 
7 and 27 (light), and 13, 18, and 28 (few to none). 


-|}- 
TABLE 4 


Indian Trail State Forest 
Mast Inventory 8/30/79 


The Missouri DNR foresters inventoried only Plots A and B, since Plot 
C had only "few to none" based on the rating system. Only 9 trees were 
rated. 


Plot A 
af Foresters' Ratings : 
Tree No. Sspecies— Few to None Light Medium Heavy 
3 BO 2 
8 WoO 2 
13 WO rs 
14 SO Z 
38 BO 2 
ay BO 2 
46 wo 2 
48 BO 2 
D1. BO 2 
ay BO — Black Oak, SO - Scarlet Oak, and WO - White Oak. 


Myers rating for the following trees: 3, 8, 13, 14, 38, 48, and 51 
(few to none), 39 (light). 


Plot 3 
- Foresters' Ratings 
Tree No. Species— Few to None Light Medium Heavy 
2 SO 2 
5 BO 2 
12 SO Zz 
18 SO 2 
20 BO 2 
+1 SO 2 
32 SO 2 
35 BO 2 
41 WO 2 
a/ 


BO - Black Oak, SO - Scarlet Oak, and WO - White Oak. 


Myers rating for the following trees: 2, 5, 12, 18, 20, 32, 35, and 41 
(few to none) and 31 (light). 
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TABLE 5. Comparison of Ocular and Opinion Indices 
1980 Mast Crop 


PRAIRIE 


Hickory 

Pecan 

Walnut 

Black Oak Group 
White Oak Group 
Composite 


No. 
Trees 


Ocular 
Index 


Opinion 
Index 


Number 
Postcards 
Counties ) 


49 
26 
49 
50 
50 
49 


FOREST 


Hickory 

Pecan 

Walnut 

Black Oak Group 
White Oak Group 
Composite 
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81] 
2439 
218] 
6301] 


STATE 


Hickory 

Pecan 

Walnut 

Black Oak Group 
White Oak Group 
Composite 


1307 

232 
1412 
3689 
3224 
9864 


103 

ad 
101] 
103 
104 
105 


18. 


COMPOSITE MAST YIELD INDEX* 


g PRAIRIE |... PORES) STATE 
Year | Sample Index || Sample Index || Sample Index 
1949 2625 144 3807 160 
1950 4736 132 5284 128 
195] 3557 18] 3794 184 
1952 4706 114 4706 114 
1953 3962 145 4068 145 
1954 2917 103 4166 108 
1955 | 4226 96 4595 95 
1956 | 4329 136 8090 135 
1957 | 9826 109 12949 110 
1958 | 8278 128 12531 115 
1959 | 11102 103 14663 116 
1960 | 8360 124 11710 129 
1961 | 8124 130 11749 121 
1962 | 10785 137 14622 14] 
1963 | 11684 95 15623 100 
1964 10221 163 12219 170 
1965 a450 143 11554 142 
1966 8622 134 10920 139 
1967 | 8311 152 11078 138 
1968 7512 133 9736 143 
1969 | 9347 13] 11795 127 
1970 10138 15] 13119 158 
1971 9581 137 12705 133 
1972 897] 123 11993 132 
1973 9116 106 11022 105 
1974 9296 135 11238 138 
1975 | 8844 113 10997 117 
1976 11034 118 13313 115 
1977 9178 148 11296 140 
1978 7347 152 10366 143 
1979 5813 120 871] 118 
1980 | 6301 121 9864 112 





* Includes acorns, hickory nuts, pecans, walnuts and butternuts. 
+ Northeastern and Northern Riverbreaks only 


++Northeastern Riverbreaks only 


Year 


1949 
1950 
195] 
S352 
1953 
1954 
1955 
1956 
195/ 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197] 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 


231). 


STATE MAST YIELD INDEX 


| ALNUT PECAN HICKORY ) WHITE OAKS 


Sample 


| 
| Sample Index | Sample Index | 





EES (i OT 





Index|} Sample Index | Sample 


1351 
1654 
1254 
1902 
1410 
1577 
1456 
2329 
4540 
4465 
4935 
3713 
3738 
4730 
5482 
4224 
3769 
3888 
3622 
2926 
3749 
4408 
4355 
4080 
359/ 
3485 
3837 
4580 
3759 
3162 
2697 
3689 


BLACK OAKS 


Index 


144 
110 
128 
150 
144 
117 

63 

9/ 
150 
161 
102 
128 
163 
150 
120 
155 
166 
156 
15] 
134 
11] 
es 
174 
153 

97 

94 
Al? 
130 
148 
137 
125 
179 


97. 


MAST YIELD INDEX PRAIRIE REGION 


| WALNUT. | PECAN | HICKORY | WHITE OAKS || BLACK OAKS 
Year ||Sample Index|] Sample Index |] Sample Index|} Sample Index |} Sample Index 


1949 
1950+ 157-101 
195] 

1952 

1953 26 ~=—s«d162 
1954 507 ~—«d7148 
1955 100 39 
1956 620 +118 
1957 613.—s-*(147 
1958 1138 160 
1959 813.155 
1960 708 164 
1961 757. ~—«* 149 
1962 747 — «153 
1963 971 167 
1964 407. —«:19] 
1965 456 22] 
1966 578 ~=«i174 
1967 758 ~=«115 
1968 497-124 
1969 558  ~=—«d+10 
1970 667 192 
197] 886 176 
1972 808 197 
1973 464 117 
1974 A722 135 
1975 Bay «131 
1976 562.~—s«d7 AT 
1977 540 118 
1978 677 «129 
1979 764 ~=—«104 
1980 1250 113 





Year Sample Index || Sample Index|] Sample Index|] Sample Index|] Sample 


1949 
1950 
195] 
1952 
#953 
1954 
1955 
1956 
t957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 


WALNUT 


- > 


MAST YIELD INDEX FOREST REGION 


PECAN 


HICKORY 


WHITE OAKS 





BLACK OAKS 
Index 
1497 Eid 
1902 150 
1384 144 
1070 102 
1356 65 
1709 90 
3927 15] 
S521 161 
4122 92 
3006 120 
2981 150 
3983 150 
4511 110 
3817 tas 
3313 166 
3310 153 
2864 154 
2429 136 
3191 Paul 
374] 174 
3469 Ls 
3272 132 
3133 94 
3013 87 
3270 113 
4018 128 
3219 153 
2485 140 
1933 133 
2439 1/5 


Year 


1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197] 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 


09. 


ACORN YIELD INDEX - BREAKS & OZARKS 


BLACK OAK GROUP 
c 


Samp 


Index 





WHITE OAK GROUP 
1 Sample Index | 





ALL OAKS 


Index 


135 
[Re 
147 

99 
189 
158 
133 
156 


Year 


1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
197] 
1972 
1973 
1974 
19/75 
1976 
1977 
1978 
1979 
1980 


_ 94 


ACORN YIELD INDEX - BREAKS 


BLACK OAK GROUP 
Sample 


Index 





WHITE QAK GROUP 
i Sample Index | 





ALL OAKS 
Index 


106 
100 
143 
104 
163 
165 
115 
142 
174 
11] 
146 
149 
105 

80 
1S/ 
109 
144 
128 
120 

9] 
108 


95. 


ACORN YIELD INDEX - OZARK 


| BLACK OAK GROUP || WHITE OAK GROUP || ALL OAKS 
Year || Sample Index || Sample Index_|| Index 
1960 142 
196] 143 
1962 148 
1963 9/7 
1964 158 
1965 157 
1966 139 
1967 161 
1968 Tas 
1969 125 
1970 17] 
197] 156 
1972 t2Z 
1973 77 
1974 145 
1975 100 
1976 123 
1977 142 
1978 168 
1979 115 
1980 149 





PB 


Data and Reports: 


Original data and related reports in this investigation are on rile 
in the Federal Aid Office of the Missouri Department of Conservation, 
Columbia, Missouri 65201 
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